Introduction
presented an interesting experiment on acoustic wave propagation in a periodic layered medium with two materials. They observed that when the ratio of wavelength to layer period is large, the resulting velocity is that of an effective medium. And when the ratio of wavelength to layer period is small, the velocity of the medium is close to the time-average velocity. They found that the transition occurs at a critical value of wavelength to layer period equal to 10. found the critical value to be about 8 for epoxy and glass and to be 6 to 7 for sandstone and limestone. found a critical value equal to 3. used an eigenvalue analysis of the propagator matrix to show that the critical value depends on the contrast in acoustic impedance between the two media. showed that there is a transition zone from effective medium to time-average medium which depends on the strength of the reflection coefficient in a finely layered medium. Here we consider a periodic layered medium with two materials. We use the eigenvalue decomposition of to obtain theoretical values for the wavelength to layer thickness values for effective medium, time-average medium and the transition band in between. These values depend strongly on the reflection coefficient between the two media.
Multilayer reflection and transmission responses
We consider one cycle of a binary medium with velocities 
The propagator matrix for one cycle is computed for an input at the bottom of the layers 
We note, that 2 2 det 1 S a b , but that the propagator matrix is not unitary. The propagator matrix can be represented by the eigenvalue decomposition 1 
which can be written as 
When Re 1 a , the eigenvalues give a complex phaseshift, representing a propagating regime. Then equation (5) gives ST 1.7
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in equation (9).
When Re 1 a , the eigenvalues are a damped or increasing exponential function, representing an attenuating regime. Then equation (5) 
with cosh Re a . Then the reflection and transmission responses are still given by equation (9) but with phase and amplitudes factors now given by
For the limiting cases with Re 1 a , there is a double root 1, 2 Re a
and then we must use 
The boundaries between a propagating and attenuating regime are at Re 1 a given by the equation 
For low frequencies the stack of layers behaves as an effective medium with a velocity defined by (Backus, 1962; . There is a transition zone between these two roots in which the stack of layers partly blocks the transmitted wave. The behavior of the medium is characterized by the ratio between wavelength and layer thickness. This is given by
where t is the traveltime through the two single layers.
To estimate the critical ratio of wavelength to layer thickness we assume 
For small values of r we obtain 
Numerical examples
To test our equations above we use a similar model as in The very important parameter that controls the regime is Re a . The plots of Re a versus frequency are given in Figure 2 for different models. One can see that the propagating and attenuating regimes are periodically repeated in frequency. The higher reflectivity the more narrow frequency bands are related to propagating regime ( Re 1 a ). One can also follow that the first effective medium zone is widening as the index of model increases, and that the ratio is the parameter which controls the regime. The exact transmission response is computed using 
Conclusions
We have derived explicit expressions for the reflected and transmitted wave field in a periodic medium. We found that there are two important parameters which control the wave propagation in the periodic medium: the reflection coefficient r and 1 2 t t , the ratio between one-way traveltimes of the two parts of the cyclic layered medium.
For low frequencies (large values of wavelength to layer thickness), the layered structure behaves as an effective medium, then there is a transition zone, and for high frequencies (small values of wavelength to layer thickness) the medium is described by the time-average velocity. 
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